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Abstract: We optimize the design of an ultrasound transducer for photoacoustic breast imaging 
using FEM analysis. We arrive at a detector design which shows significant improvement in 
image quality when used in photoacoustic tomographic simulations. 
 
1. Introduction  
In combination of sound and light, photoacoustic imaging has the advantages of acoustic resolution and optical 
contrast [1,2].
 
 It can image objects a few centimeters deep in tissue, and promises to alternative technology for 
detecting angiogenic biomarkers of breast cancer based on the hemoglobin absorption of near infrared light[3-6].  
Theoretical design and practical realization of sensitive ultrasound transducers are critical for development of a 
photoacoustic imaging system, especially in the application of breast imaging. A large-area transducer with a low 
resonance frequency is preferable due to its higher sensitivity than a small-area transducer with a high resonance 
frequency.  Unfortunately,  due to its large lateral dimensions, the element will also show strong lateral resonance 
located in the low frequency regime strongly influence the signals at designed thickness resonance. The result is 
additional “tails” in the detected time domain radio frequency signals[7], which reduces the system resolution.  
To avoid the influence of lateral resonance, sub-dicing is applied. A single element transducer is sub-diced into 
smaller pieces with the same thickness dimensions. Ultrasonically the sub-diced units are isolated by air kerf in 
between, but electrically they are grouped by electrodes to form a single element. This design is to push the lateral 
resonance away from the bandwidth of the designed thickness mode resonance by increasing the thickness /width 
ratio of the sub-diced PZT layer[8].   
 A Finite Element Method (FEM) model based on COMSOL Multiphysics is built to study the effect of sub-
dicing to the performance of the transducer. Thickness/width ratio of the sub-diced element are optimized using 
results from the simulations. Electrical impedance and frequency response are measured and the results are 
compared with theoretical prediction from FEM simulations. Good agreements are achieved between simulated and 
measured results, which show that the lateral resonance has been successfully pushed away from the transducer 
bandwidth.  Finally, we simulated the use of such a detector in photoacoustic tomography before and after sub-
dicing using the k-wave software package[9].  
2.  Materials and methods 
2.1.  The transducer  
Figures 1 shows the schematic of a single element transducer manufactured by Oldelft Ultrasound B.V.. The PZT 
layer is designed to have thickness resonance at 1 MHz, with 5x5 mm
2
 surface area.  It has two impedance matching 
layers (front and back), which are used for impedance matching between the PZT material and tissue/backing. 
Proper matching layer thickness can increase the sensitivity and bandwidth of the transducer. A thick backing layer 
with strong damping properties is used to minimize the “ringing” of the PZT material to broaden the bandwidth of 
the transducer. An aluminum frame on the back and side together with a very thin aluminum foil on top is used as 
the grounding to give the entire transducer complete electrical shielding to reduce the noise level as shown in Fig. 
1(a).  
To study the effect of sub-dicing, the 5x5 mm
2
 element (Fig. 1(b)) is sub-diced using a 100 um thick dicing blade.  
Ultrasonically those sub-diced small pieces are isolated by air kerf in between, but electrically they are grouped by 
electrodes to form a single element as shown in Fig. 2(c).  
 
Fig. 1.  Schematics of a single element transducer manufactured by Oldelft Ultrasound B.V. (a) side view. (b) PZT layer before sub-dicing 
and (c) after sub-dicing. 
2.2.  Transducer characterization 
The electrical impedance of the transducer before and after sub-dicing are measured using a HP 4149A 
Impedance/Gain Phase Analyzer (Hewlett-Packard, Palo Alto, CA).  The frequency response of the transducer is 
measured using ultrasound method. The transducer is used as a transmitter excited with an electrical spike and a 
broadband needle hydrophone (BLLMCX074 Precision Acoustic Ltd., Dorchester) is used to detect the signal 
generated. Based on the flat frequency response of the hydrophone at our designed transducer center frequency (1 
MHz). The FFT of the detected signal gives the frequency response of the transducer under examination. 
2.3.  Finite Element Method and Photoacoustic Imaging Simulation 
2D FEM simulation of the transducer performances are performed using COMSOL Multiphysics (COMSOL group, 
Los Angeles, CA). The effect of sub-dicing on lateral resonance is studied. Details about the COMSOL FEM 
simulations of a ultrasound transducer can be found in Reference 10.  
Moreover, k-wave package[9] is used to simulate the effect of sub-dicing on the image quality of a photoacoustic 
tomographic system as shown in Fig. 2(a). Top illumination of light is used to generate the photoacoustic signals 
from a leaf structure with high absorption.  The transducer scans around the object with 180 scanning steps. The 
generated photoacoustic signals then propagate in the medium (water) and are detected by the transducer. K-wave 
time reversal is used as the image reconstruction algorithm. Three different transducers are simulated: an ideal 
transducer (infinite small, infinite large bandwidth), the Oldelft transducer before sub-dicing and after sub-dicing 
with frequency response measured using the method described in section 2.2. 
3.  Results and discussion 
As shown in Fig. 2, before sub-dicing, the transducer has both lateral resonance at 330 KHz and thickness resonance 
at 1.2 MHz (Fig. 2(c)), which corresponds to its dimensions. Due to the lateral resonance, the frequency response in 
time domain has “tails” (Fig. 2(a)).  
 
Fig. 2.  Measured frequency response of Oldelft transducer before sub-dicing (a) in time domain and (b) frequency domain. (c) Measured and 
simulated electrical impedance of Oldelft transducer before sub-dicing and (d) after sub-dicing (simulated). 
We optimized the size of the sub-diced element based on FEM simulations, the final sub-diced transducer has only 
thickness resonance at 1 MHz, the lateral resonance has been successfully pushed away from the bandwidth. Image 
quality has been dramatically improved when the transducer has been properly sub-diced as shown in Fig. 3. Future 
phantom experiments are planned for experimental validation of the simulations[11].    
 
 
Fig. 3.  (a) Configuration of a photoacoustic tomographic system used in the k-wave simulation. (c) Image reconstructed with an ideal 
transducer. (b) Image reconstructed with transducer before and (d) after sub-dicing.  
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